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(57) ABSTRACT

An electronic device includes an 1solated region surrounded
by an 1solation ring over a semiconductor substrate. A well
of a first conductivity type i1s located within the 1solated
region. A source region and a drain region of a second
conductivity type are located over the well. A local-oxida-
tion-of-silicon (LOCOS) layer 1s located on the well
between the source and the drain, between the source and the
isolation ring, and between the drain and the 1solation ring.
A gate electrode located between the source and the drain on

said LOCOS layer.
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300
N

301 FORMING AT LEAST ONE TRENCH ISOLATION REGION
IN A SEMICONDUCTOR SURFACE OF A SUBSTRATE

FORMING LOCAL OXIDATION OF SILICON (LOCOS})
302 REGIONS THAT EXTEND FROM WITRHIN THE
SEMICONDUCTOR SURFACE INSIDE THE TRENCH
ISOLATION REGION TO DEFINE A FIRST LOCOS-FREE
REGION AND AT LEAST A SECOND LOCOS-FREE REGION

FORMING A GATE ELECTRODE BETWEEN THE FIRST
LOCOS-FREE REGION AND SECOND LOCOS-FREE REGION
303 INCLUDING OVER A FLAT PORTION OF THE FIRST LOCOS
REGION AS ITS GATE DIELECTRIC (FIRST LOCOS GATE)

FORMING A FIRST DOPED REGION IN THE FIRST
LOCOS-FREE REGION AND A SECOND DOPED REGION IN THE
304 SECOND LOCOS-FREE REGION ON RESPECTIVE SIDES OF
THE GATE ELECTRODE BOTH DOPED A FIRST DOPANT TYPE

FIG. 3
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TRENCH ISOLATED 1C WITH
TRANSISTORS HAVING LOCOS GATE
DIELECTRIC

CROSS REFERENCE TO RELATED
APPLICATIONS

Pursuant to 35 U.S.C. § 120, this continuation application

claims the benefit of and prionty to U.S. patent application
Ser. No. 15/380,505 filed on Dec. 135, 2016, the entirety of

which 1s incorporated herein by reference.

FIELD

Disclosed embodiments relate to integrated circuits (ICs).
More particularly, disclosed embodiments relate to transis-
tors including metal oxide semiconductor (MOS) gates and
ICs 1ncluding such transistors.

BACKGROUND

ICs generally include an 1solation structure for electrically
1solating devices from one another. Isolation options include
trench 1solation (e.g., Shallow Trench Isolation (STI)) or
Local Oxidation of Silicon (LOCOS).

For LOCOS processing a thin silicon oxide layer 1s
thermally grown on the water surface, generally called a pad
oxide. A layer of silicon nitride 1s then deposited which 1s
used as an oxide barrier. The pattern transfer 1s performed by
photolithography. A lithography pattern 1s then etched into
the silicon nitride. The result 1s a silicon nitride hard mask,
which has openings that define the active areas defined by
the LOCOS process.

The next step 1s the growth of the thermal LOCOS oxide
which 1s termed a field oxide (FOX) as 1t 1s selectively
grown 1n all non-active regions. After this LOCOS process
1s finished, the last step 1s the removal of the silicon nitride
layer and the pad oxide layer underneath. A drawback of the
LOCOS technique 1s the so-called bird’s beak eflect and the
surtace area which 1s lost due to this encroachment. Advan-
tages of LOCOS fabrication include a simple process flow
and the high FOX layer quality because the entire LOCOS
structure 1s thermally grown.

STI 1s generally a preferred 1solation technique for the
sub-0.5 um IC technology, because 1t avoids the bird’s beak
shape characteristic. With 1ts zero oxide field encroachment
STI 1s more suitable for the increased IC density require-
ments, as 1t enables forming smaller area 1solation regions.

SUMMARY

This Summary 1s provided to introduce a brief selection of
disclosed concepts in a simplified form that are further
described below 1n the Detailed Description including the
drawings provided. This Summary 1s not intended to limat
the claimed subject matter’s scope.

Disclosed embodiments recognize for certain ICs having,
metal-oxide-semiconductor (MOS) gates, such those having
a double or triple gate process for high voltage (HV) gate
applications, 1t 1s diflicult to integrate into a shallow trench
1solation (STI) technology for device 1solation using con-
ventional MOS field effect transistor (IMOSFET) structures.
That 1s why HV MOSFFETs 1n known technologies generally
use LOCOS for device 1solation. When STI 1s used for HV
MOSFET device isolation, the gate dielectric (e.g., gate
oxide) of the MOSFET 1s merged with STI. Because the

conventional polysilicon gate electrode 1s over both the gate
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dielectric and the STT and thus over their intertace a problem
1s recognized to arise from gate dielectric etches needed to
remove non-needed gate and dummy dielectrics (e.g.,
oxides), as well as a slower silicon oxide growth rate along
the STI edges to the active area. Gate dielectrics at the edges
of STI are thus sigmificantly thinner than elsewhere 1n the
active area, and therefore generally degrade the transistor’s
gate oxide integrity (GOI).

Disclosed ICs include STI for device isolation and tran-
sistors having MOS gate structures described herein using a
LOCOS dielectric as the gate oxide, where the LOCOS gate
oxide 1s spaced apart from the STI, such as within an STI
ring. Disclosed MOS gate structures have the transistor gate
clectrode sitting on top of the LOCOS gate oxide layer
throughout 1ts area, that thus generally have a constant gate
oxide thickness throughout. As a result, there 1s no conven-
tional GOI 1ssue at the STI edge with the active area. This
disclosed arrangement allows relatively simple MOS gate
structures including HV gate MOSFET structures that can be
readily integrated into STI-based technologies without the
above-described GOI problem.

BRIEF DESCRIPTION OF THE DRAWINGS

Reterence will now be made to the accompanying draw-
ings, which are not necessarily drawn to scale, wherein:

FIG. 1 1s a top view of an example trench 1solated
symmetric n-channel drain extended MOS (DENMOS)

device, where the DENMOS device uses LOCOS as 1ts gate
dielectric, according to an example embodiment.

FIGS. 2A-2E are successive are cross-sectional diagrams
showing processing progression for an example method of
forming an example trench 1solated IC having transistors
with MOS gates that use LOCOS as their gate dielectric,
according to an example embodiment.

FIG. 3 1s a flow chart that shows steps 1n an example
method for forming a transistor including a MOS gate that
uses LOCOS as its gate dielectric, according to an example
embodiment.

DETAILED DESCRIPTION

Example embodiments are described with reference to the
drawings, wherein like reference numerals are used to
designate similar or equivalent elements. Illustrated ordering
of acts or events should not be considered as limiting, as
some acts or events may occur in different order and/or
concurrently with other acts or events. Furthermore, some
illustrated acts or events may not be required to implement
a methodology 1n accordance with this disclosure.

Also, the terms “coupled to” or “couples with” (and the
like) as used heremn without further qualification are
intended to describe either an indirect or direct electrical
connection. Thus, 11 a first device “couples” to a second
device, that connection can be through a direct electrical
connection where there are only parasitics 1n the pathway, or
through an indirect electrical connection via intervening
items including other devices and connections. For indirect
coupling, the intervening item generally does not modity the
information of a signal but may adjust its current level,
voltage level, and/or power level.

FIG. 1 1s a top view of an example 1C 100 including a
trench 1solated symmetric transistor 150 having a MOS gate
structure that uses LOCOS as its gate oxide which 1s shown
by example as a DENMOS transistor. Disclosed transistors
can comprise a HV MOSFET, that can generally be any
MOSFET style controlled by a gate, or can be an Insulated
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Gate Bipolar Transistor (IGBT), and which are known to be
a semiconductor device having four alternating doped layers
(P—N—P—N) that are controlled by a MOS gate structure
without regenerative action. The HV MOS ftransistor can
comprise a symmetric or asymmetric extended-drain MOS

transistor such as a drain extended metal oxide semiconduc-
tor (DEMOS), Double-Diflused MOS (DMOS), Lateral

Double-Diflused MOS (LDMOS) or Double-Diffused Drain
MOS (DDDMOS). FEach of these HV device types can
utilize an extended drain structure and its gate electrode
(e.g., polysilicon) can be across the gate dielectric over the
active area to STI interface.

High voltage as used herein can mean high gate voltage,
high drain voltage, or both, with high voltage being >20V.
LOCOS as the gate dielectric 1s recognized to be particularly
well suited for high voltage applications. Although NMOS
transistors are generally described herein, it 1s clear to one
having ordinary skill in the art to use this information to
form PMOS transistors, by n-doped regions being substi-
tuted by p-doping and vice versa. The section horizontal line
with i1ts endpoints only shown (with arrows) in FIG. 1
corresponds to the cross sectional view 1n FIG. 2E described
below. The IC 100 can comprise an analog IC, such as a
power converter 1n one particular application, or a BICMOS
IC.

The IC comprises a substrate 105 having a semiconductor
surface 105a. The substrate 105 and/or semiconductor sur-
tace 105a can comprise silicon, silicon-germanium, or other
semiconductor material. One particular arrangement 1s a
silicon epitaxial layer on a bulk silicon substrate 105, such
as a 5 um to 15 um thick p-epi layer on a p+substrate. The
transistor 150 1ncludes at least one trench 1solation region
shown as STI 151 being in an encircling ring formed (e.g.,
by Reactive Ion Etching (ME)) within the semiconductor
surface 105a. STI 151 1s at least partially dielectric lined and
can be entirely dielectric filled, or be dielectric lined and
polysilicon filled. There 1s LOCOS 152 1n the semiconductor
surface 105aq inside the trench isolation 151 including
LOCOS gate oxide 152a (under gate electrode 160) and
LOCOS 1solation (ISO) 1525 that defines boundaries for a
first LOCOS-1iree region 154 that has a source (S) 165 within
and at least a second LOCOS-{ree region 156 that has a drain
(D) 170 within, are both shown 1n FIG. 1.

A gate electrode 160 1s between the first LOCOS-Iree
region 154 and second LOCOS-1ree region 156 including
over a flat (planar) portion of the LOCOS gate oxide 152a
shown 1 FIGS. 2C-2E. The entire area of the gate electrode
160 can be seen to never be over any edge of the STI 151.

As noted above the transistor 150 1s shown including a
first doped region shown as source 1635 1n the first LOCOS-
free region 154 and a second doped region shown as drain
170 in the second LOCOS-iree region 156, thus being on
respective sides of the gate electrode 160. For a NMOS
transistor such as a DENMOS transistor, the source and
drain are both doped n-type (n+doped). Being a DENMOS
transistor the second doped region 170 1s formed within an
n-drift region 171 and the first doped region 165 1s option-
ally formed within an n-drift region 166.

The transistor 150 1s shown also including deep trench
(DT) 1solation 180 that 1s shown including an mner doped
semiconductor region having a surface contact 180a for
biasing, such as when it includes a polysilicon filler, and a
deep n-type 1solation (DN) 190 between the DT 1solation
180 and the STI 151. There 1s also a LOCOS-1Iree transition
region located between the LOCOS regions and the STI 151
which comprises a back-gate (BG) ring 185 which 1s doped
the second dopant type (p-type for NMOS) to provide ochmic
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contact to a p-buried layer (PBL) that 1s under the transistor
150 (see PBL 106 in FIGS. 2A-2E described below).

FIGS. 2A-2E are successive are cross-sectional diagrams
showing processing progression for an example method of
forming trench isolated IC having transistors with MOS
gates that use LOCOS as their gate dielectric shown for

forming the DENMOS transistor shown in FIG. 1. As noted
above, disclosed methods integrate a MOS gate structure

including a LOCOS gate oxide with both STI and DT.
The buried layer shown as PBL 106 1n FIG. 2A 1s formed
in the semiconductor surface 105a of the substrate 105
which 1s shown as a p-type epitaxial (epi1) layer. In a typical
PBL formation process, the thermal pad oxide 107 shown 1s
grown, photoresist 1s deposited and patterned, a PBL mask
1s used to expose only PBL areas, and PBL areas are
selectively formed by i1on implantation. Wells shown as a
pwell 108 and special purpose layers shown as p-1so 185¢q in
FIG. 2A which contacts PBL 106 are for providing the BG
185 shown in FI1G. 1, and n-drift regions 166 and 171 shown
in FIG. 2A are also formed. STI 151, DT 180 and n-1so (DN)

190 shown 1 FIG. 2A are also formed.

FIG. 2B depicts the mm-process IC after silicon nitride
patterning and etching. After growing a thin silicon oxide
(e.g., 10 nm to 20 nm thick) shown as thermal pad oxide 107
in FIG. 2A but for simplicity no longer shown 1n FIG. 2B,
a layer ol Low Pressure Chemical Vapor Deposition (LP-
CVD) silicon nitride of about 100 nm to 200 nm 1s generally
deposited thereon. A PR patterned layer 116 1s formed on the
silicon nitride layer, and the silicon nitride layer 1s etched 1n
exposed areas defined by the PR pattern to define a patterned
silicon nitride layer 115 having openings where LOCOS 1s
to grow. The patterned silicon nitride layer 1135 can be seen
to be over STI 151, the source area and drain area, and over
the DT 180. STI 151 and DT 180 are thus protected during
the LOCOS process by the silicon nitride layer 115 that 1s
over these regions.

FIG. 2C depicts the in-process 1C after the PR patterned
layer 116 1s removed and the LOCOS layer 1s grown to
provide LOCOS gate oxide 1524 and LOCOS 1solation
15256. During the LOCOS growth process the silicon nitride
layer 115 hard mask selectively blocks LOCOS growth. The
STI 151 1s shown separated from the LOCOS regions.
However, although not shown the STI or other trench
1solation can also be merged 1t so that it can overlap with the
LOCOS.

The LOCOS process 1s generally a thermal steam oxida-
tion process at temperatures above 950° C. to allow stress-
relief by viscous flow of the LOCOS oxide. A wet LOCOS
process has faster throughput than a dry oxide process and

1s ol generally good quality. LOCOS forms in only the
MOSFET active region that 1s inside the STI 151 ring.

LOCOS gate oxide 152a 1s between the n-drift 166 and
n-drift 171 and LOCOS 1solation 1525 1s between the n-drift
166 and 171 and the p-1so 185a4. As a HV gate oxide, the
LOCOS gate oxide 152a may be 500 A to 3000 A, such as
about 1350 A for 48V circuit applications.

FIG. 2D shows the resulting 1in-process IC after stripping
of the silicon nitride layer 115 shown 1n FIG. 2C. The silicon
nitride layer 115 can be stripped in hot (e.g., 150 to 175° C.)
H,PO, (phosphoric acid), and the pad oxide underneath the
silicon nitride can be removed 1n a buflered HF solution.

LOCOS regions such as shown in FIGS. 2C to 2E have
the known distinctive ‘bird’s beak’ along their periphery.
The bird’s beak results because as the silicon oxide grows,
the conventional silicon nitride hard mask, which 1s used to
block the silicon oxide from growing everywhere, 1s slightly
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bent due to stress caused by the growing silicon oxide
pushing the silicon nitride as 1t grows.

FIG. 2E depicts the m-process IC after gate electrode
formation. The gate electrode 1s shown as 127. The gate
formation process generally comprises a gate electrode
deposition, photoresist deposition and patterning, and then
ctching the gate electrode in exposed areas of the pattern.
The gate electrode 127 locates on the LOCOS gate oxide
152a which 1s a flat region that 1s away from the STI 151 so
that the gate electrode 1s never over an STl/active area edge.
There 1s thus no gate dielectric thinning as there 1s no STI
edge and thus no GOI problem for the MOS gate because
LOCOS grows locally. The LOCOS gate oxide 152q 1s also
protected by the gate electrode 127 during the gate electrode
etch. There 1s no need to remove LOCOS later 1n other areas

and therefore avoided 1s excess oxide deglazes over the STI
151 and DT 180.

As seen 1n FIG. 2E the in-process transistor has a recessed

channel region 1n semiconductor surface 105a being under
the LOCOS gate oxide 1524a. P-source and drain (PSD) and
NSD steps are included forming NSD areas shown as
N+source 165 and N+ drain 170 and P+ region 186 for
contact to p-1so 1854 to provide the BG 185 shown in FIG.
1. A p-MOSFFET structure would use essentially the same
above-described process steps using complementary doping
for forming a p-MOSFET structure.

For simplicity, not shown in FIG. 2E are conventional
subsequently formed contacts to the semiconductor surface,
metal 1, ILD, vias, metal 2, etc., a bond pad layer, or a
passivation layer. Also not described are conventional chan-
nel implant(s) to adjust the threshold voltages, surface
implant(s) to increase the breakdown voltage, as well as
spacers and lightly-doped drains (LDD) that may also be
present.

FIG. 3 1s a flow chart that shows steps 1n an example
method 300 for forming a transistor including a MOS gate
that uses LOCOS as 1ts gate dielectric within an IC. Step 301
comprises forming at least one trench isolation region 1n a
semiconductor surface of a substrate. As noted above 1n
some embodiments the substrate comprises silicon, such as
silicon epi on bulk silicon. Step 302 comprises forming
LOCOS regions that extend from within the semiconductor
surface 1nside the trench 1solation to define a first LOCOS-
free region and at least a second LOCOS-1ree region. The
glickness of the LOCOS regions can be from 600 A to 2500

Step 303 comprises forming a gate electrode between the
LOCOS-1ree region and second LOCOS-1ree region includ-
ing over a flat portion of a first LOCOS region as 1ts gate
dielectric (LOCOS gate oxide). The gate electrode can be
tformed by LPCVD and comprise polysilicon or a metal (or
metal alloy) material.

Step 304 comprises forming a first doped region (e.g.,
source region) 1n the first LOCOS-Iree region and a second
doped region (e.g., drain region) 1n the second LOCOS-1ree
region on respective sides of the gate electrode both doped
a first dopant type (e.g., n-type for NMOS). A recessed
channel region for the transistor i1s between first doped
region and second doped region in semiconductor surface
under the LOCOS gate oxide.

Advantages of disclosed embodiments include processing
using mature LOCOS and ST1 technologies. Using STI for
isolation provides a better digital density compared to
LOCOS 1solation. The new disclosed device structures will
not have GOI 1ssue for both low voltage (LV) and HV gate
transistors such as MOSFET’s.
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Disclosed embodiments can be used to form semiconduc-
tor die that may be integrated into a variety ol assembly
flows to form a variety of different devices and related
products. The semiconductor die may include various ele-
ments therein and/or layers thereon, including barrier layers,
dielectric layers, device structures, active elements and
passive elements including source regions, drain regions, bit
lines, bases, emitters, collectors, conductive lines, conduc-
tive vias, etc. Moreover, the semiconductor die can be
formed from a variety of processes including bipolar, Insu-
lated Gate Bipolar Transistor (IGBT), CMOS, BiCMOS and
MEMS.

Those skilled 1n the art to which this disclosure relates
will appreciate that many other embodiments and variations
of embodiments are possible within the scope of the claimed
invention, and further additions, deletions, substitutions and
modifications may be made to the described embodiments
without departing from the scope of this disclosure.

The mvention claimed 1s:

1. A method of forming a transistor, comprising:

forming an 1solation ring 1 a semiconductor substrate

having a first conductivity type;

forming first and second spaced-apart doped regions

within said substrate in an area enclosed by said
1solation ring;

forming a local oxidation of silicon (LOCOS) region

within said 1solation ring while excluding LOCOS
formation from first and second LOCOS-1ree regions
respectively located over said first and second doped
regions having a second conductivity type opposite
said first conductivity type; and

forming a gate electrode directly on said LOCOS region
between said first LOCOS-1ree region and said second
LOCOS-1ree region, said gate electrode partially over-
lapping said first and second doped regions.

2. The method of claim 1, wherein said excluding com-
prises forming first and second dielectric barriers over said
substrate 1n said LOCOS-1Iree regions.

3. The method of claim 1, further comprising forming a
dielectric-filled 1solation trench between said 1solation ring
and said LOCOS region.

4. The method of claim 1, wherein said substrate includes
a buried layer doped said first conductivity type, further
comprising forming within said buried layer a well doped
said first conductivity type within which said first and
second spaced-apart doped regions are located, wherein said
1solation ring laterally separates said buried layer from said
well.

5. The method of claim 4, wherein said first conductivity
type 1s p-type, and said second conductivity type 1s n-type.

6. The method of claim 1, wherein said i1solation ring 1s
located 1n a LOCOS-1ree transition region that encircles an
active area of said transistor, and wherein a LOCOS-{ree
transition region 1s located between said LOCOS region and
a deep trench filled with a conductive filler.

7. The method of claim 1, wherein saild MOS transistor
comprises an n-channel MOS transistor.

8. The method of claam 1, wherein said spaced-apart
doped regions each include a respective driit region, and
further comprising forming a source/drain region within
cach dnit region.

9. An electronic device, comprising:

a semiconductor substrate;

an 1solated region over said substrate surrounded by an

1solation ring;

a well of a first conductivity type within said 1solated

region;
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a source region and a drain region of a second conduc-
tivity type over said well;

a local-oxidation-of-silicon (LOCOS) layer located on
said well between said source and said drain, between
said source and said 1solation ring, and between said
drain and said 1solation ring; and

a gate electrode located between said source and said
drain on said LOCOS layer.

10. The electronic device of claim 9, wherein said drain
1s located within a first drift region of said second conduc-
tivity type, and said source is located within a second drit
region ol said second conductivity type, and said gate
clectrode partially overlaps said first and second driit
regions.

11. The electronic device of claim 9, further comprising
first and second LOCOS-Iree regions within said LOCOS
layer, wheremn said source i1s coincident with said {first
LOCOS-1ree region and said drain 1s comncident with said
second LOCOS-1ree region.

12. The electronic device of claim 9, further comprising
a buried layer of said first conductivity type located between
said substrate and said well.

13. The electronic device of claim 12, wherein said
isolation ring 1s a shallow trench 1solation ring having a
depth less than a depth of said well, and further comprising
an outer 1solation ring surrounding said shallow trench
1solation ring, said outer isolation ring including a deep
1solation ring of said second conductivity type surrounded
by a deep conductive trench, said deep 1solation ring and
said deep conductive trench having a depth about equal to a
depth of said buried layer.

14. The electronic device of claim 9, wherein said 1sola-
tion ring includes a deep trench filled with a conductive filler
surrounding a deep doped 1solation ring of said second
conductivity type, and a back-gate ring doped said first
conductivity type.

15. The electronic device of claim 9, wherein said first
conductivity type 1s p-type, and said second conductivity
type 1s n-type.

16. A method of forming a transistor, comprising;

forming an 1solation ring in a semiconductor substrate
having a first conductivity type;

forming first and second spaced-apart doped regions
having a second diflerent conductivity type within said
substrate 1n an area enclosed by said 1solation ring;

forming local oxidation of silicon (LOCOS) oxide 1n a
LOCOS region within said 1solation ring while exclud-
ing LOCOS oxide formation from first and second
LOCOS-1ree regions respectively located over said first
and second doped regions, said LOCOS oxide extend-
ing from said first LOCOS-Iree region to said second
LOCOS-1ree region; and

forming a gate electrode directly on said LOCOS region
between said first LOCOS-1ree region and said second
LOCOS-1Iree region;

wherein said spaced-apart doped regions each include a
respective drift region, and turther comprising forming
a source/drain region within each drift region.

17. The method of claim 16, wherein said excluding
comprises forming first and second dielectric barriers over
said substrate 1n said LOCOS-Iree regions.

18. The method of claim 16, further comprising forming
a dielectric-filled 1solation trench between said 1solation ring
and said LOCOS region.

19. The method of claim 16, wherein said substrate
includes a buried layer doped said first conductivity type,
turther comprising forming within said buried layer a well
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doped said first conductivity type within which said first and
second spaced-apart doped regions are located, wherein said
1solation ring laterally separates said buried layer from said
well.

20. The method of claim 19, wherein said first conduc-
tivity type 1s p-type, and said second conductivity type 1s
n-type.

21. The method of claim 16, wherein said 1solation ring 1s
located 1n a LOCOS-1ree transition region that encircles an
active area of said transistor, and wherein a LOCOS-{ree
transition region 1s located between said LOCOS region and
a deep trench filled with a conductive filler.

22. The method of claim 16, wherein said MOS transistor
comprises an n-channel MOS transistor.

23. A method of forming a transistor, comprising:

forming an 1solation ring 1n a semiconductor substrate

having a first conductivity type;

forming first and second spaced-apart doped regions

having a second different conductivity type within said
substrate 1n an area enclosed by said 1solation ring;
forming local oxidation of silicon (LOCOS) oxide 1n a
LOCOS region within said 1solation ring while exclud-
ing LOCOS oxide formation from first and second
LOCOS-1ree regions respectively located over said first
and second doped regions, said LOCOS oxide extend-
ing from said first LOCOS-Iree region to said second
LOCOS-1Iree region;

forming a gate electrode directly on said LOCOS region
between said first LOCOS-Iree region and said second
LOCOS-1ree region; and

forming a dielectric-filled 1solation trench between said

1solation ring and said LOCOS region.

24. A method of forming a transistor, comprising;

forming an 1solation ring 1 a semiconductor substrate

having a first conductivity type;

forming first and second spaced-apart doped regions

having a second different conductivity type within said
substrate 1n an area enclosed by said 1solation ring;
forming local oxidation of silicon (LOCOS) oxide 1n a
LOCOS region within said 1solation ring while exclud-
ing LOCOS oxide formation from first and second
LOCOS-1ree regions respectively located over said first
and second doped regions, said LOCOS oxide extend-
ing from said first LOCOS-Iree region to said second
LOCOS-1ree region; and

forming a gate electrode directly on said LOCOS region
between said first LOCOS-1ree region and said second
LOCOS-1ree region,

wherein said substrate includes a buried layer doped said
first conductivity type, further comprising forming
within said buried layer a well doped said first conduc-
tivity type within which said first and second spaced-
apart doped regions are located, wherein said 1solation
ring laterally separates said buried layer from said well.

25. A method of forming a transistor, comprising:

forming an 1solation ring 1 a semiconductor substrate

having a first conductivity type;

forming {first and second spaced-apart doped regions

having a second different conductivity type within said
substrate 1n an area enclosed by said 1solation ring;

forming local oxidation of silicon (LOCOS) oxide 1n a

LOCOS region within said 1solation ring while exclud-
ing LOCOS oxide formation from first and second
LOCOS-1ree regions respectively located over said first
and second doped regions, said LOCOS oxide extend-
ing from said first LOCOS-iree region to said second
LOCOS-1ree region; and




US 10,586,730 B2
9

forming a gate electrode directly on said LOCOS region
between said first LOCOS-1ree region and said second
LOCOS-1ree region,

wherein said 1solation ring 1s located i a LOCOS-free
transition region that encircles an active area of said 5
transistor, and wherein a LOCOS-1Iree transition region
1s located between said LOCOS region and a deep
trench filled with a conductive filler.
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